FIELD experiment was carried out at the Experimental Farm of the Faculty of Agric., El-Mansoura Univ. during season 2015, arranged in split block design with 3 replicates to evaluate the effect of 3 rates of NPK treatments (50, 100 and 150 % from recommended dose) as main plots and 4 levels of sodium selenite in a foliar way (0, 10, 20 and 30 mg kg -1 ) as sub plots. Results indicated that NPK fertilization up to 100 % under study significantly increased the average values of chlorophyll, fresh and dry weight, and total content of N, P and K as well as soluble and insoluble oxalate concentrations in spinach leaves as compared to the untreated plants. More addition of sodium selenite foliar application of sodium selenite at the lowest rates of 10 and 20 mg L -1 significantly increased the aforementioned traits while at the highest rate (30 mg L -1 ) significantly reduced the average values of all the previously mentioned traits. Also, the results indicated that, the mean values of total phenolic compounds, Se accumulation in leaves as well as the activity of nitrate reductase enzyme were significantly increased with the level of sodium selenite increasing. Such effect was realized under all the forms of NPKfertilizers. An adverse effect happened for the values of nitrate and nitrite accumulation in spinach leaves. It decreased sharply and significantly with increasing selenite level under all the investigated treatments. Obtained results proved that the foliar application of sodium selenite at the lowest levels (10 and 20 mg L -1 ) in combination with soil application of combined with NPK fertilization up to 100% is considered to be the most suitable treatment for all previous traits.
nitrate content can add value to vegetable products already very popular for their nutritional and therapeutic properties (Santamaria, 2006) .
The rate of plant growth depends on the rate of photosynthesis and respiration. Photosynthesis and respiration, like all biochemical processes depend on the proper functions of enzymes. Enzymes require mineral elements to function effectively. Thus, photosynthesis and other metabolic processes depend on an adequate supply of mineral nutrients. Nitrogen is considered to be one of the most important factors limiting plant growth in natural ecosystem and in most agricultural systems. Nitrogen governs plant growth by virtue of being a major constituent of chlorophyll, protein, amino acids and photosynthetic activity. Potassium activates plant physiology, improves fruit quality, increases disease resistance, prevents lodging and makes the plants capable of surviving moisture stress (Rathore et al., 2008) .
Sustainable nitrogen management should aim at supplying sufficient nitrogen for optimum crop growth and development, while keeping losses to the environment to minimum. Keeping above facts in view, it is of major concern to improve nitrate uptake and reduce its accumulation in leaves of spinach as well as other leafy vegetables. Proper application of nitrogenous, phosphate, potassium fertilizers, as well as the green and farm yard manure could materially reduce the nitrate accumulation in vegetables (Zhou et al., 2000) . Seeds have the highest concentration of P in a mature plant, and P is required in large quantities in young cells, such as shoots and root tips, where metabolism is high and cell division is rapid. Phosphorus aids in root development, flower initiation, seed and fruit development. Phosphorus has been shown to reduce disease incidence in some plants and has been found to improve the quality of certain crops (Khalid and Shedeed, 2015) .
As a trace mineral, selenium is an essential nutrient of fundamental importance to human biology. Both selenium deficiency and toxicity occur worldwide, depending on Se bioavailability in the environment. Selenium is a constituent of selenoproteins, many of which have important functions, including antioxidant protection, energy metabolism and redox regulation during transcription and gene expression (Kong et al., 2005) . Selenium was shown to affect several physiological and biochemical processes in plant species (Moussa et al., 2010) . In plants, Se may serve a role in antioxidative mechanisms and was indicated to be a component of glutathione peroxidase (Ekelund and Danilov, 2001) . Simojoki (2003) reported that small Se addition increased Se contents in lettuce shoots up to 1.5 mg kg -1 dry matter, tend to enhance plant growth. Spraying leaves with Se increased seed yield in soybean, likely due to a better partitioning efficiency, as evidenced by a greater number of pods per plant, seeds per pod and seed weight (Djanaguiraman et al., 2004) . Selenium supplementation to plants also enhances the production and quality of edible plant products, by increasing antioxidant activity of plants such as in lettuce (Xu et al., 2001) .
Therefore, the present study was undertaken to understand the effect of different combinations of NPK fertilizers and foliar application of selenium levels on the nitrate accumulation, growth and leaf quality of spinach.
Material and Methods
A field experiment was carried out at the Experimental Farm of the Faculty of Agric., El-Mansoura Univ. during season 2015 to evaluate the effect of mineral fertilization NPK and foliar application of selenium levels on the nitrate accumulation, growth and leaf quality of spinach. Twelve treatments were arranged in split block design with 3 replicates, which were the simple possible combination between 3 rates of NPK (50, 100 and 150 % from recommended dose) as main plots and 4 levels of sodium selenite in foliar way (0, 10, 20 and 30 mg kg -1 ) as sub plots. Plots of six meters square were buildup. Each plot consisted of five rows, 3 m long and 40 cm wide. Spinach seeds were sown on 1 st of December and two weeks later plants were thinned to three plants per hill. Particle size distribution, available N, P and K in the soil were determined according to the methods of Haluschak (2006) and Reeuwijk (2002) as well as electrical conductivity values of the 1: 5 soil paste extracts were measured by EC, pH value, CaCO 3 and organic matter contents were determined according to Sahlemedhin and Taye (2000) .
Three treatments of N, P and K fertilizers at the rates of 50, 100 and 150 % from the recommended doses for spinach plants were used, where 100 % represents the control. The NPK fertilizers were added to soil as recommended by the Ministry of Agriculture and Soil Reclamation, 100 kg fed -1 N as ammonium sulphate (20.5 % N), 150 kg fed -1 , P 2 O 5 as super phosphate (15.5 % P 2 O 5 ) and 50 K kg fed -1 as potassium sulphate (48 % K 2 O). Phosphorus fertilizer was added to the soil before planting, while N and K fertilizers were added in one dose after 15 days from planting. Three levels of sodium selenite; 10, 20 and 20 mg L -1 as well as control treatment (without) were applied as foliar application on spinach plant 3 times; the first 21 days from sowing and the other one week intervals.
At marketing stage; 50 days after sowing of spinach plant representative samples were randomly taken from each experimental pot. Plant growth parameters in expression of fresh and dry weight of plant foliage (g plant -1
), total yield (ton fed -1 ) as well as chlorophyll contents (mg g -1 F.W) were determined as the method described by Gavrilenko and Zigalova (2003) . The plant samples were oven dried at 65 o C till constant weight. The dried plant samples were weighted (g plant ) and stored for chemical analysis of plant expressed as N, P and K (%) determined according to the methods described by Mertens (2005a, b) and Agrilasa (2002) , respectively and phenols were determined according to Singelton et al. (1999) , as well as Se (mg Kg -1 ) was done by the method of Kumpulainen et al. (1983) . ) were determined on fresh weight basis according to Singh (1988) , Hageman & Reed (1980) , Mazumdar & Majumder (2003) and Zhang et al. (2005) , respectively. All data were statistically analyzed according to the technique of analysis of variance (ANOVA) for the split block design using CoSTATE computer software package according to Gomez and Gomez (1984) . Least Significant Difference (LSD) was used to compare the differences between treatments means at the level 0.05%.
Results and Discussion

Plant growth parameters
It is indicated that, the effect of NPK rates and selenium nutritional levels as well as its interactions on vegetative growth parameters, i.e. fresh and dry weight as well as total yield (ton fed -1 ) of spinach plant foliage after 50 days from sowing during the season of the experiment (Table 2 ). Regarding the effect of NPK-fertilization on vegetative growth parameters of spinach plants, the mean values of parameters under study were significantly increased with increasing NPK from 50 up to 100% and reduced with the rate of 150% of the recommended dose during the season of the experiments. The highest values which were 39.32, 4.29 and 8.70 were realized for the plants treated with NPK fertilizers at the rate of 100% from RD as compared with the other rates for fresh and dry weight as well as yield ton.fed -1 , respectively. NPK are essential for good growth of plants. In the present study for all the investigated parameters; a stimulation effect happened for the spinach plants treated with NPK fertilization up to 50% RD which increased significantly with increasing rates of NPK fertilization up to 100% from recommended doses. This may be attributed to the important role of N in plants. N is found in proteins , nuclic acids and coenzymes, phosphorus also has a role in N 2 fixation, enhanceing nodulation of plant and increaseing photosynthesis of plant, while potassium activates some enzymes and K + ions which play an important role in targon control stomatal guard cells of leaves and as well increases photosynthesis. These results were consistent with the findings of Gairola et al. (2009 ), Mirdad (2009 , Kawthar et al. (2014) , Singh et al. (2014) , Hossain et al.(2014) and Nemadozi (2015) who showed that fresh yield, dry matter content and Leaf Area Index were significantly increased by increasing the NPK application.
Statistical analysis of the data of Table 2 showed that, spraying spinach plant with Na 2 SeO 3 till the rate of 20 mg.L -1 significantly increased the mean values of all vegetative growth parameters of spinach than those obtained from the untreated plants.
Increasing the rate of sodium selenite addition in foliar way up to the level of 30 mg.L -1 sharply and significantly decreased the mean values of all the aforementioned traits than those obtained for the untreated one. In this respect; the highest mean values for fresh weight and dry weight as well as total yield ton.fed -1 for spinach plant were recorded for the plants treated with 10 mg L -1 Na 2 SeO 3 , while the lowest one for the measurements was obtained from the treatment of 30 mg L -1 Na 2 SeO 3 .
The interaction effect between the treatments under study is presented in the same table. It could be observed that; the average values of all growth parameters studied were significantly affected due to the addition of all investigated treatments. Such effect was more pronounced for the treatment of NPK 100 % from recommended doses with sprayed levels of Na 2 SeO 3 . In this connect, the highest mean values; 43.94, 5.31, and 9.61 for fresh and dry weight as well as yield ton fed -1 , respectively were recorded for the plants treated with the NPK 100% with using Na 2 SeO 3 (10 mg L -1 ).
Plant pigments
Data illustrated in Table 3 reflect the effect of NPK-fertilization and foliar application treatments of Na 2 SeO 3 during the season of the experiments and their interaction on plant pigments. Data in the same table also indicated that at 100% level of NPK -fertilizers led to increasing significantly the average values of chlorophyll a, b and total in the leaves of spinach over the other treatment. In addition, the highest mean values for the previously mentioned traits were connected with the treatment of 100 % that recorded 0.652, 0.468 and 1.119 for chlorophyll a, b and total, respectively. These results were consistent with findings of Gairola et al. (2009 ), Mirdad (2009 , Kawthar et al. (2014) , Singh et al. (2014) , Hossain et al. (2014) and Nemadozi (2015) whose finding showed that chlorophyll content was significantly increased by increasing the NPK application. Concerning the effect of sodium selenite levels under study, data of Table 3 , also revealed that, exposure of spinach plants to the lowest levels of Na 2 SO 3 (10 and 20 mg L -1 ) sharply and significantly increased the mean values of chlorophyll (a, b and a + b) of spinach plants during the experiment. In this respect, the rates of increases for the most suitable treatment were accounted to be 7.58 and 1.92 % for total chlorophyll of spinach plant for the treatments of 10 and 20 mg L -1 Na 2 SO 3 , respectively comparing with the control treatment. Moreover, increasing the level of Na 2 SO 3 significantly reduced the mean values of the aforementioned traits less than those obtained for the control treatment. These results can be explained on this basis; the increases in chlorophyll content in spinach leaves at the lowest levels of sodium selenium may be attributed to Se overprotection effect of chlorophyll enzymes and thus increasing the biosynthesis of photosynthesis pigments. Higher Se concentrations have an adverse effect on the production of porphobilinogen synthetase required for chlorophyll bio-synthesis and also inhibit bio synthetic enzymes through lipid peroxidation. This trend was reflected on the average values of fresh weight and oxalate contents in spinach plant. These results are in accordance with the findings of Turakainen et al. (2008) , Hawrylak-Nowak (2013) , Yao et al. (2009) , Moussa et al. (2010) and Saffaryazdi et al. (2012) . Table 3 . Data clearly showed a stimulation effect on the average values of chlorophyll (a, b & a + b) in spinach plant due to an addition of NPK and sodium selenite levels as foliar spraying as compared to the untreated plants. It could be observed that, the most suitable treatment, which achieved the highest mean values of chlorophyll content of spinach plant was connected with the plants treated with NPK 100% + Na 2 SO 3 at 10 mg L -1 while the lowest one was associated with the treatment of NPK 150% and sodium selenite (30 mg L -1 ).
Nutrient content of N, P and K in plant leaves
Nitrogen, phosphorus and potassium concentrations as affected by the treatments under investigation and its interactions are presented in Table 4 . The different comparisons indicated that increasing applied level of NPK from 50 to 150% significantly increased N, P and K (%) in the leaves of spinach plant (Table 4 ). The highest mean values for the previously mentioned traits were found to be associated with the addition of 100% NPK and recorded as 2.81, 0.378 and 3.02 % in the leaves of spinach for N, P and K, respectively.
The increase in N, P and K concentration with increasing rates of NPK fertilization may be owed to the availability of N, P and K elements for plant and improving root growth, hence increasing the absorbing area of root. These result were consistent with the findings of Gairola et al. (2009 ), Mirdad (2009 , Kawthar et al. (2014) , Singh et al. (2014) , Hossain et al. (2014) and Nemadozi (2015) who showed that N, P, K concentrations were increasing with increasing rates of NPK fertilization.
According to the data illustrated in Table 4 , it is evident that foliar applied of sodium selenite on spinach plant at the two lowest levels (10 and 20 mg L -1 ) significantly increased the mean values of N, P and K (%) in spinach leaves. Comparing with the control treatment, the rate of increases for N, P and K, respectively were accounted to be 2.75, 0.37 and 2.96 % for the rate of 10 mg L -1 and 2.67, 0.361 and 2.86 % for the rate of 20 mg L -1 . On the contrary of this trend, more addition of sodium selenite up to the level of 30 mg L -1 significantly decreased the mean values of N, P and K% in spinach leaves less than those obtained for the untreated plants.
Nutritional element concentrations in spinach plant as affected by the interaction between all treatments under study are tabulated in Table 4 . Data revealed that, it can be observed that within the NPK under study a superiority effect was recorded on the mean values of N, P and K (%) of spinach plant for the treatment of 100 % as compared to the other treatments. In addition, foliar applied sodium selenite at the two lowest levels (10 and 20 mg L -1 ) combined with any rates of NPK fertilization significantly increased the average values of N, P and K (%) in spinach leaves. An adverse effect was realized due to increasing the level of sodium selenite from 20 mg L -1 to 30 mg L -1 , whereas the mean values of N, P and K (%) tended to decrease as the level of sodium selenite was increased. Thus, the most suitable treatment, which realized the highest mean values of N, P and K was connected with the plants treated with NPK 100 % + Na 2 SeO 3 (10 mg L -1 ), while the lowest values were obtained from the treatments of NPK 50 % +30 mg L -1 Na 2 SeO 3 . Quality parameters of plant Quality parameters including nitrate, nitrite, nitrate reductase activity, vitamin C (mg/100 g), selenium, total oxalate and soluble oxalate contents as well as total phenol and Se mg kg -1 as affected by mineral fertilization of NPK rates and foliar application treatments of sodium selenite levels as well as their interaction are presented in Table 5 .
Nitrate, nitrite and nitrate reductase activity
With respect to the effect of NPK-fertilization, it could be noticed that, application of NPK-fertilizers significantly increased the parameters under study (Table 5 ). NPK-fertilization at the rate of 150 % was superior for increasing the average values of nitrate, nitrite in spinach leaves compared with the other treatments, which recorded as 611 and 5.45 mg kg -1 for nitrate and nitrite, respectively. While nitrate reeducates activity decreased significantly with the increase in NPK rates and the highest values recorded with NPK at 50%. These results were consistent with the findings of Mahmoud et al. (2007) , Gairola et al. (2009) , Hossain et al. (2014) and Nemadozi (2015) .
Regarding the effect of sodium selenite, data is presented in Table 5 . Data showed that, the average values of nitrate and nitrite contents significantly declined as the level of Na 2 SeO 3 increased. The highest value of nitrate (657 mg kg -1 ) was recorded for the untreated plants, while the lowest value (521 mg kg -1 ) was connected with the plants treated with the rate of 30 mg L -1 Na 2 SeO 3 . Furthermore, nitrate reductase activity was also, influenced by the application of Na 2 SeO, where the highest activity of this enzyme was registered at the rate of 30 mg L -1 , while the lowest level was realized for the untreated plants (control).
It could be observed that, a reduction effect happened on the content of nitrate in spinach leaves due to an addition of Na 2 SO 3 rates by foliar way. Such effect may be due to the antagonist effect between the two ions and/or the induction of nitrate assimilation by nitrate reductase stimulated by the application of sodium selenite rates. These results are in a good agreement with those obtained by Nowak et al. (2004) , Santamaria (2006) and Rios et al. (2009 Rios et al. ( ) & (2010 .
Statistical analysis of the data in Table 5 revealed the average values of NO 3 -N, NO 2 -N and nitrate reductase activity as affected by the combination between the various treatments under investigation. It could be observed that, a positive effect was happened on the mean values of all quality parameters mentioned due to using the combination between the studied parameters. In this respect, the highest values (688 and 6.34 mg kg -1 for NO 3 -N and NO 2 -N, respectively) were obtained for the treatment of NPK 150% addition in the absence of selenium treatment, while the highest value of nitrate reductase activity (0.158) was recorded for the treatment of 50% in presence of 30 mg L -1 Na 2 SeO 3 . On the contrary of this trend, the lowest value of nitrate and nitrite content (509 and 4.25 mg kg -1 ) was recorded for the treatment of 100% in combination with 30 mg L -1 Na 2 SeO 3 . 
Soluble, insoluble and total oxalate content
The mean values of soluble, insoluble and total oxalate (mg100 g -1 F.W) found in spinach leaves as influenced by NPK rates, levels of Na 2 SeO 3 and their interaction are presented in Table 6 . These parameters were significantly increased due to increasing NPK-fertilization rate from 50 up to 100 % and decreased with the rate increasing at 150 %. These findings concur with the results obtained by Tei et al. (2006) , Stagnari et al. (2007) , Yan et al. (2014) and Sakara (2016) , they found that different forms of nitrogen significantly affected soluble, insoluble and total oxalate.
Concerning the effect of the combination between the application of NPK fertilization and Na 2 SeO 3 on soluble, insoluble and total oxalate of spinach plant, data in Table 6 indicated that the highest values of soluble and total oxalate (696, 322 and 1019 mg 100 g -1 , respectively) were recorded with the plants treated with 100% and 10 mg L -1 Na 2 SeO 3 . With regard to the effect of sodium selenite rates, it can be detected that foliar addition of the lowest level of Na 2 SeO 3 (10 mg L -1 ) significantly increased the average values of soluble, insoluble and total oxalate in the leaves of spinach plant. Then, the average values of such traits significantly decreased as the level of Na 2 SeO 3 increased. In other words, the highest level of all the aforementioned traits was realized under the lowest level of Na 2 SeO 3 (10 mg L 
Total phenol, vitamin C and Se content
Data presented in Table 7 indicated the average values of total phenol, vitamin C and Se content as affected by the fertilization of NPK rates and Na 2 SeO 3 levels as well as their interaction. In respect with application of NPK-fertilizers at the 100 %, data at Table 7 show that the mean values of total phenol, vitamin C and Se content significantly increased as the level of NPK-applied was increased from 50 to 100 %. and decreased with the rate of 150% , the highest values treated with 100% NPK , gave 778, 48.10 and 11.60 for total phenol, vitamin C (mg 100 g It can be observed that there is a considerable significant effect for the mean values of all the mentioned traits in spinach plant under all treatments of the investigation (Table 7) . It can be recorded that, adding of 100% NPK as soil addition maximizes the roles of total phenolic compounds, vitamin C and selenium content under any level of sodium selenite addition. The most suitable treatment, which realized the highest level of such traits was associated with the treatment of 100 % NPK + Na 2 SeO 3 (30 mg L -1 ) for total phenolic compounds and selenium content. In addition, under any level of Na 2 SeO 3 a superiority effect was realized for the content of vitamin C in spinach plants treated with NPK, but the highest level of vitamin C was realized for the treatment of 100% NPK + Na 2 SeO 3 (10 mg L -1 ).
Regarding the effect of foliar applied addition of sodium selenite level under study, data also revealed that total phenolic compounds and selenium content in spinach leaves manifested an increasing tendency along with the increase of sodium selenite level and the highest values of these parameters was observed in response to the highest level of Na 2 SeO 3 (30 mg L -1 ). The rate of increase over the control treatments were accounted to be 7.53, 7.95 and 10.51% for total phenol and 15.23, 16.60 and 22.16% for selenium content at the treatments of 10, 20 and 30 mg L -1 , respectively. Selenium significantly affected total phenol and Se. The contents of such trait were greatly increased by foliar application of Se-enriched fertilizer. This stimulating effect of selenium may be related to its antioxidative function such as the decreases in lipid peroxidation, H 2 O 2 and superoxide radical production and the increases of the antioxidants enzymes. Such results were supported by the finding of Walaa et al. (2010) who indicated that Se treatment caused a significant increase in phenylalanine ammonia-lyase activity. On the other hand, a stimulation effect occured on the concentration of vitamin C due to an addition of Na 2 SeO 3 till the rate of 20 mg L -1 . Increasing the rate of sodium selenite addition up to the level of 30 mg L -1 significantly decreased the average value of vitamin C as compared to the control treatment. In this respect; the highest value of vitamin C was realized for the treatment of 10 mg L -1 , while the lowest one was recorded for the plants treated with 30 mg L -1 . 
Conclusion
Spinach is considered an important healthy leafy vegetable across the world. This crop like other crops depends in its growth on the essential nutrients such as NPK and selenium under stress conditions. Selenium can be useful in enhancing spinach plant growth in the presence of enough NPK under low concentration (10 mg kg -1 ). Therefore, it could be concluded that foliar application of sodium selenite at the lowest levels of 10 and 20 mgL -1 in combination with soil addition of combined with NPK fertilization up to 100% from recommended doses is considered to be the most suitable treatment for realizing the highest safe yield of spinach plant. The previous treatments cannot help only in producing spinach leaves to have proper nitrate content but also a high quality of this crop production. 
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